The purpose of this study was to investigate the applicability of the next-generation antimicrobial materials, essential oils, as preventive and therapeutic agents for oral diseases. To determine the antimicrobial effect of five essential oils-lemon, tea tree, geranium, peppermint, and myrrh-against Candida albicans (C. albicans), the diameters of the growth inhibition zones were measured. The study results showed that the five essential oils that were used in this study effectively inhibited the growth of bacteria, particularly C. albicans. The inhibition zones were 30 mm for lemon, 21 mm for myrrh, 20 mm for geranium, 19 mm for tea tree, and 19 mm for peppermint. Therefore, it is considered that essential oils can replace antibiotics and can lead to the promotion of oral health through the prevention and treatment of candidiasis in the dental field against C. albicans.
Introduction
The lifestyle changes that have occurred since the start of the 21 st century due to industrialization and Westernization have led to the emergence of increasingly diverse oral diseases, which has emerged as a serious social problem [1] . A disease in the mouth is not only associated with the teeth or gums but also has a close relationship with the whole body's health, which has been steadily researched on [2] .
Oral candidiasis is an oral infectious disease due to true fungi, which frequently occurs in the oral cavity of modern people [3] . It is an oral mucosal disease that occurs in the tongue, cheek, mucous membrane, or gums in the mouth. Candida albicans (C. albicans) is a typical organism that causes an opportunistic infection and is present as resident flora in the rubbed and wet skin and mucous membranes of the human body [4] . A major causative organism of oral candidiasis, C. albicans is present in the oral cavity of many people and exists without clinical symptoms of infection in the human oral cavity [5] . Since the 1990s, the number of opportunistic infections due to Candida has increased sharply as the number of patients treated with antibiotics or anticancer agents and the number of patients with endocrine imbalance and reduced salivary gland function increase [6] .
There is a growing interest in oral therapeutic agents that can solve these aforementioned problems and can be used safely, without the side effects of drugs. In particular, there is a stronger need for research and development (R&D) on nextgeneration antimicrobial materials with selective effects on oral bacteria [1] . There has been a growing interest of late in natural products for the prevention of infectious diseases in the oral cavity, and the interest in natural antimicrobial substances has further heightened due to the increased resistance to antibiotics [7] .
Essential oils are volatile substances that are physically separated from scented plants. In general, essential oils are named after the plant from which they are extracted, and they have been called "essential oils" because they are considered to possess the essence of such plants' taste and fragrance [1] . Since recently, however, the antimicrobial, anti-inflammatory, antifungal, antiviral, and anti-cancer effects of essential oils have been reported, and they have been applied to various industrial fields, such as animal feeds, insecticides, dental products, and alternative medicine [8] .
This study aimed to investigate the antimicrobial activity of essential oils against C. albicans, which causes infectious diseases in the oral cavity, by applying the essential oils lemon, tea tree, geranium, peppermint, and myrrh, and to provide fundamental data for oral health promotion by demonstrating the possibility of the use of essential oils as preventive and therapeutic agents for oral diseases.
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Materials and Methods
Use strain
C. albicans (KCTC 7965/ATCC 10231) was grown in yeast mold broth (YM, Difco, USA) and cultivated at 37°Ϲ for 24 h. Five essential oils-lemon, tea tree, geranium, peppermint, and myrrh-refined in Caput, UK were purchased through DongSung Science.
Antibacterial activity measurement
To determine the antibacterial effect of each of the aroma essential oils that were used in this study, the paper disk agar measurement method and an 8 mm filter paper disk (Advantec Toyo Kaisha, Ltd.) were used. The disk was made to absorb 100 μl of each aroma essential oil, after which the disk was anaerobically incubated at 37°Ϲ for 24 h. The diameter of the clear zone (mm) was measured to examine the antimicrobial activity of each aroma essential oil.
Results
The antibacterial effect of each aroma essential oil on C. albicans was examined by measuring the clear zone ( Figure 1 ). The C. albicans clear zones were found to be 30 mm for lemon, 19 mm for tea tree, 20 mm for geranium, 19 mm for peppermint, and 21 mm for myrrh. Lemon oil showed the highest antimicrobial effect. 
Discussion
C. albicans, the typical bacteria causing candidiasis, is the most common fungal pathogen present in the oral cavity [9] . To eliminate C. albicans and other oral-disease-causing bacteria from the human oral cavity, substances that can replace antibiotics are currently being developed, and there is an increasing interest in medicinal plants that can be easily recognized as natural products by consumers and that have excellent physiological activity [10] .
Aroma essential oils are organic compounds with the inherent biochemical components of plants that promote natural healing, such as plant propagation and growth, protection against insects, and disease and wound healing [11] . Generated in the secondary metabolism process of plants and with unique aromas and functions, they consist of various combinations of several dozens to hundreds of natural chemical components [12] . Studies on the antimicrobial effect of plant extracts or essential oils have been actively conducted of late, and natural antimicrobial substances that can be used for preventing or inhibiting the progress of these diseases have been reported [13] . Essential oil components are known to interfere with the enzymatic activity of cells, destroying bacterial cell walls and killing bacteria [14] . They have also been reported to block clusters of Gram-positive bacteria, slow down bacterial replication, and remove endotoxin from Gram-negative bacteria to reduce oral pathogenic diseases [15] . Among the various essential oils in existence, lemon is widely used as a fragrance additive for spices, soaps, detergents, and perfumes. It has a healing power against preservatives, astringents, sterilizers, decontaminants, insecticides, and tonic and is used as an astringent to prevent excessive sebum production [16] . Tea tree is non-toxic and non-irritant, with 12-times-stronger preservative and sterilizing effects, is effective against various bacterial diseases, such as bacteria, virus, and bacterial infections, and has a particularly excellent effect on acne and athlete's foot [12] . Peppermint was first used as a whitening ingredient; later, it was used as a raw material for mouthwash to remove bad breath due to smoking [17] . Geranium is used for the treatment of diseases like eczema and psoriasis [18] and has antimicrobial effects against Staphylococcus aures, Bacillus subtilis, etc. [19] . Myrrh has antimicrobial and antiinflammatory effects and is used externally for treating inflammatory diseases like eczema [20] .
Essential oils have been steadily studied in relation to causative organisms of dental caries and periodontal diseases [21, 22] , but there have been few studies on C. albicans. In this study, five essential oils were applied to C. albicans, a causative organism of candidiasis, and their antimicrobial effects were verified. As a result, a broad antimicrobial effect of 30 mm was shown by lemon, meaning that it effectively inhibited the growth of bacteria, followed by 21 mm for myrrh, 20 mm for geranium, 19 mm for tea tree, and 19 mm for peppermint. The aforementioned aroma essential oils thus showed excellent antimicrobial effects on C. albicans, a causative organism of candidiasis, an oral infectious disease, with lemon showing the highest antimicrobial activity. It is thus expected that these essential oils will be developed as the next-generation antimicrobial materials for inhibiting candidiasis.
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Conclusion
Essential oils were found to have excellent antimicrobial activity particularly against candida albicans (C. albicans), through their inhibition of its growth. Essential oils can thus be developed and widely used as agents for the prevention and treatment of oral infectious diseases.
